N87 - 17 828 f 

Optimal Torque Control 
for SCOLE Slewing 
Maneuvers 

by 

Peter M. Bainum 
Feiyue Li 

Howard University 


^ *v* ■ ** iT '■ f ™ 

r^va- 


JW3X 


MOT FlLM£D 


6 ? 


OPTIMAL TORQUE CONTROL 
FOR S.COLE SLEWING MANUEVERS 


P. BAINUM AND FEIYUE LI 
DEPARTMENT OF MECHANICAL ENGINEERING 
HOWARD UNIVERSITY 
Washington, D.C. 20059 


3rd ANNUAL SCOLE WORKSHOP 
NOVEMBER 17, 1986 
NASA LANGLEY RESEARCH CENTER 
HAMPTON, VIRGINIA 


Optical Torque Control 
for SCOLE Slewing Maneuvers 


PURPOSE : 

TO SLEW THE SCOLE FROM ONE ATTITUDE TO THE REQUIRED 
ATTITUDE, AND MINIMIZE AN INTEGRAL PERFORMANCE INDEX 
WHICH INVOLVES THE CONTROL TORQUES. 

CONTENTS : 

1. fCINEMATICAL AND DYNAMICAL EQUATIONS 

2. OPTIMAL CONTROL TWO-POINT BOUNDARY-VALUE PROBLEM 
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3. ESTIMATION OF UNKNOWN BOUNDARY CONDITIONS 

4. NUMERICAL RESULTS 

5. DISCUSSION AND FURTHER RECOMMENDATIONS 
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l . icic-U j.ii Dynoruc il Sguationa 

(.^ijiJ 3C0LC Configuration) 

1 = (1/2) T 1 

I V = - ,yj I v7 + \X 
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It 
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1*. = -7555 , 
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115232 

„ = 1535474 

' in* 

9533321 

iz = -13243 

' i <3 = 

155193 



1 53 - 71139 5 2 , 

7^3 = 52293 (Slug-ft*) 

I>3= 9545235 , 

I 2 3= 7 3933 (Kg-u i ) 



Transfer I to a iiajonal fora by an ortnoqonal natrix Z~*= 2 


3 . 93331 13 -3. JJ11151 3.3132393 
-J.3JS1684 3.9273353 3.3742533 
-'3 . 0132577 -3.3743342 3 . 9271252 
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L >n 


wnera sub index , Tn , represents the principal axes system, 
I = 1133233 , I = 5935292 , I = 7137342 (Slug-ft" 1 ) 

Fro^ (2) , tine dynamical equation becomes 

C T I CC T w = -C T T CC T I CC T w * c T u 


or 


wner a 
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U = 2 u m , w = 

Similarily, we nave 

*n a ^/ 2 ) 

Eq.(3) can be written as 


(3) 


(4) 


(3) 


For simplicity, we drop subindex m in the following derivation. 
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Cost Function 


Two-?oint 3oundary-/ai ue Proulen (?P 3 \ 


J * n/uf* Si it = d/2) J ^ u T u Jt 

T ° -'to 


Tne Hamiltonian, H, for the system (4), (5) is 

H - (1/2) u T u + o T | + c t« 

&JSS.te,TJS* ta ‘' Principla ' e »« "<"««* conditions 
p = - O va i) === > p » (1/2) r? 


t = - (3 h/9 w} 


> r = U*/] r + ( 1 / 2 ) ( 3 ] p 


3 = PH/2>u} = = = > u = - f ' r 

plus (4) and (5), where o=[? D -> - f _ r t 

- l ^o - J , -° 2 P 3 1 » r = [r, r A r 3 ] T a 

tne costates corresponding to i and w, respectively 


[Jw] = 


J Z -'3 J 3 w 2 1 


T = ( I 3 “ 1 ^ ) / 


J, w 3 


fq] = 


j j ** ^ ■<, 


3 , -q, 


3 = ( it ~ I3 ) / 
J = (i 2 -i, )/ 


q 3 3 , -q 


After substitution of u from (3) into (5), we get 
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Let 

2 *U, 

3 I 3 S 
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1 4i 

V, 0 3 0 

3 ~o * 4 z 

- 3 3 r . 

c * r 3 f = (z 4 Zz) T 
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% 

1 # 2 a * 

fp. ?, 

P 3 P, r, Cj ] T 

Eqs. 

(4) ,(5) 

/ (7) ,(9) 

can be 

written as 





• 

2 3 

?(2) 



(1J) 


The boundary conditions 


2 i(t«) , z,(tj.) are known, 

2 a ( t e ) » 2 jt(tj.) ace unknown. 

Tnis is tne TP3VP. If we find tne unknown boundary values, 
z-(t,), then we can integrate (13) to get r, and fro.n (3) we 
obtain the control torque vector, u. 


7S 


- O - 
















3. -ouiTiation of Unknown 3ouniary Conditions 
3.1 special Casa of Slewing Motion 

Tha S "° t ' E cota,:as arbitrary axis Z fixed in both 

body axas 3 /steal and inertial space coordinate systen, i. a .. t ; le 

Sbler rotation. From the physical point of view, the rotation „ 
very ample, its rotation angle is small, and therefore nay 
.ones less energy (torgue). In view of oar C03t function, it 
is reasonable to think that the optimal slewing is near the 3 u- 
ler rotation. Considering the analytical solution about single 

2£i SCi?al aXi " -neneuver in Ref. 2, we define a rotation angle 
d(t) , aoout an arbitrary axis C, 


0( t) = 9 C + e 0 1 + ( 1/2 ) e 0 1 * + ( i/s ) o' t 3 


( 12 ) 


Foe the given boundary conditions 

e<J> **> ts,.g, (U) 

we have 

£= (5 ty/tJ)-<4 i/t f ) 

(?> -(12«f/tj) + (5 fc/tj) 

After substitution of 9 and S into <13., we can get z?b,.she 
initial guess of the costates at initial time t -t # . 


(14) 


3.2 Some Porperties of the Costates, 
Since q^q = i 


pT p » 3* = constant , but 3 2 * l 


we have 

3 is an unknown which is usually determined by iteration, thus 
[ Wj ] ===> 5 independent conditions 
t ?-i ^] T == = > 7 unknowns to be determined 
Fortunately, for the problem discussed in this paper, we can 
prove that 1 of the 4 unknowns o, can be arbitrarily selected. 
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Table I Slewing Data ani Boundary Values 



Fi&.l. UNE- 0F~ SI&HT EM04 


0 . 



Di3cu33ion and Partner Seco-xuiendations 


ConsiJar the Distribution of u on the Snuttle and 
Ref lec tor . 

riTie-Optinal Slewing, (Rigid Configuration), 

Cost Function 



Solve the TP3VP . by Snooting Methods 
Include the Flexibility in the Problens. 
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3 :Jo * °f flexible appendage nodes included 
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